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I. 



INTRODUCTION 



Much emphasis has been placed in recent years on the use 
of the combined arms simulation model in making decisions 
regarding alternative weapon systems. This emphasis, par- 
ticularly in light of the vastly changing modern battlefield, 
makes it imperative that every possible consideration be 
given to the verification, modification, and continued 
improvement of every facet of these important decision- 
making tools. Verification of these models is at best 
extremely difficult and in many aspects practically impos- 
sible short of actual combat. Nevertheless, an intelligent 
study based on sound statistical theory can provide invaluable 
insight into the verification of numerous specific sub-models 
inherent in these models. 

The modeling of the target selection process of the 
individual tank commander in combat is an inherent sub-model 
of every existing high resolution combined arms simulation 
model. This specific sub-model unquestionably impacts 
greatly on the overall realism achieved in any combat 
simulation involving an appreciable armor force. Simply 
stated these models attempt to answer the following two 
basic questions: 

Given a situation in time where an individual tank 

commander is faced with an array of possible targets: 

1. What is the scheme used by the tank commander in 
assigning engagement priorities to the individual 
targets presented in the array? 
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2. What decision is made by the tank commander with 
respect to engaging or not engaging the targets 
in his prioritized target list? 

In all presently existing simulation models, the range 
between target and observer is considered the paramount 
factor used by a tank commander in assigning his engagement 
priorities. The target selection model presently used in 
the Dynamic Tactical Simulation Model (DYNTACS) for example 
calculates an adjusted range (AD JR) for each target in the 
array of possible targets, and then assigns engagement 
priorities based on the minimum value of this adjusted 
range. This adjusted target range is computed using the 
following equation: 



6 

AD JR = . + 7 RAF . 

1 - C l ’ l 

i=l 

where , 

RR = target to observer range 

C = cover fraction presently available to the target 

RAF^ = range adjustment factor for factor i, where 
i refers to the following: 



1. 


target weapon type 




2. 


whether the target is presently the observer's 
target 


3. 


whether another friendly 
at the target 


element is firing 


4 . 


whether the target fired 
previous event 


in the observer's 


5. 


whether the target fired 
in his previous event 


at the observer 


e. 


whether the target is in 
sector of responsibility 


the observer's 
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It is important to note that the values of RAF^, 

i = 1,2,..., 6 are specified as input data and are thus 

assigned arbitrary values based on the judgement of the 

military analysts conducting the simulation study. Research 

indicates that no prominent attempt has been made to verify 

this model nor to ascertain those values of the range 

adjustment factors that best relate to actual battlefield 

conditions. Furthermore, the full impact of adjusting 

range with regard to cover fraction of the enemy target, 

RR 

specifically - j - _ c in the model, although basically not 
counter intuitive, is nonetheless not substantiated either. 

Range is also the paramount factor incorporated in the 
target selection model presently used in the Simulation of 
Tactical Alternative Responses (STAR) model. In STAR 
priorities of targets are assigned solely on the basis of 
danger state arrays specified as input data. These arrays 
define a unique priority scheme for all possible target 
types within each of the three distinct rangebands defined 
as follows: less than 1000 meters, between 1000 and 2000 

meters, and greater than 2000 meters. Thus in STAR a target 
within a lesser rangeband will always receive higher priority 
than a target within a greater rangeband. Additionally, if 
two or more targets receive the same priority, which will 
occur whenever two targets of the same type are encountered 
within the same rangeband, priority is always given to the 
target nearest the observer. It should be evident that in 
the present version of STAR range is essentially the only 
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factor considered in target selection and that quite 
possibly a very small range differential often becomes the 
sole basis for selecting one target over another. Again as 
in DYNTACS the priority schemes established in the danger 
state arrays reflect the judgement of the military analysts 
conducting the simulation study. 

Obvious shortcomings exist in either of the target 
selection models discussed above. Additionally, another 
major shortcoming which is perhaps not so obvious yet 
considered very relevant characterizes both models . As 
stated previously both models allow the military analyst 
wide discretion in his selection of input values relative 
to the target selection process. The lack of empirical 
data forces the analyst to select these values based on 
his own perception of current doctrine relating to the 
target selection phenomenon. Thus the models at best tend 
to predict 'what should be done in the simulated situation' 
rather than 'what would be done in the actual situation'. 
This subtle difference directly impacts on the overall 
realism achieved by the model. 

The general shortcomings discussed above, and in 
particular the acknowledged inadequacy of the target selec- 
tion model presently used in STAR, directly influenced the 
initiation of the study incorporated in this thesis. The 
immediate goal of this study was to investigate and to 
identify the relative importance of the many factors 

ft t 

considered by a tank commander in his assignment of 
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engagement priorities and in his decision to engage or not 
to engage a specific target. The ultimate goal of the study 
was to enhance the realism achieved in STAR by developing a 
realistic target selection model based on and substantiated 
by current and well-founded empirical data. 

This thesis discusses in detail the general methodology 
used in conducting this study. Chapter II discusses the 
general characteristics and development of the 2 ^ 

Fractional Factorial experiment and relates directly to the 
actual experimental plan used and discussed at length in 
Chapter III. Chapter III also defines the specific dependent 
and independent variables investigated in the study and 
presents an in-depth discussion of the considerations and 
efforts allocated to the establishment of the data base used 
in the analysis. Chapter IV discusses the general methodology 
used in the actual analysis and presents a basic theory of 
the nature of the various statistical tools used in the 
analysis. Chapters V and VI summarize the actual analyses 
that were conducted for each of the dependent variables 
investigated and identifies those factors and interactions 
which were found to significantly impact on the target 
selection process. An explanation of the nature and impact 
of the factors and interactions thus identified is also 
presented. A discussion of a proposed target selection 
model as a possible enhancement to the STAR model is 
presented in Chapter VII. Appendices include a sample of 
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the actual questionnaire used in the collection of data 
and a summary of statistics characterizing the individuals 
who participated in the study. The listings of two computer 
programs that were used extensively in the analysis are 
also provided. 
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II. THE 2 (n P) FRACTIONAL FACTORIAL 
A. THE 2 n FACTORIAL 

A factorial experiment is one in which all levels of a 
given factor are combined with all levels of every other 
factor in the experiment. This experimental design has 
become widely accepted as an efficient way of carrying out 
experiments involving many different factors. In general if 
n factors are considered each at k^ levels, then the total 
number of treatment combinations required to conduct a 
factorial experiment, henceforth referred to as the size 
of the experiment, is calculated as follows: 

n 

Size = k. • k 0 • k, • • • k = H k. . 

1 2 3 n l 

i=l 

The 2 n Factorial is a special case where n factors are 

considered each at two levels. It can easily be seen that 

a 2 n Factorial requires 2 n measurements for one complete 

replication and that this size quickly becomes uneconomical 

for most practical applications involving a large number of 

11 

factors. In a 2 Factorial for example, where 11 factors 
are to be investigated each at two levels, a total of 2048 
observations will be required for a single replication of the 
experiment. Additionally, if the experiment is to yield 
an estimate of random error, a primary consideration in 
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most practical problems, at least one additional replication 

of the experiment will be required, thus increasing the 

minimal size to 4096 observations. 

An experiment that uses a 2 p subset of the original 

1 ( ri ) 

2 n measurements is called a yp replicate or a 2 ^ p Frac- 
tional Factorial. This experimental design combines the 
advantage of reduced experiment size with a corresponding 
disadvantage of reduced information gained. As will be 
shown in the following discussion, a well-designed 2 p; 
Fractional Factorial can, if certain basic assumptions are 
satisfied, provide a wealth of information while greatly 
reducing the size of the experiment. 

B. GENERAL CHARACTERISTICS AND NOTATION FOR THE 2 n FACTORIAL 

A special notational scheme has been developed for the 

2 n Factorial which generalizes directly to the 2 p ^ 

4 

Fractional Factorial. Consider the 2 Factorial where the 
four factors are designated by the upper case letters A, B, 

C, and D. The 16 treatment combinations of high and low 

levels of each of the four factors are designated with lower 
case letters as follows: the presence of a letter indicates 

the high level of that factor, its absence denotes the low 
level. The symbol (1) denotes that treatment where all 
factors are at the low level. Thus the treatment designation 
bd indicates that factors B and D are at their high levels, 
while factors A and C are at their low levels. Using this 

4 

scheme, the treatment combinations for the 2 Factorial are 
as shown in Table II. 1. 
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Table II. 1 



Treatment Combinations in a 



Factorial 



(1) 


c 


d 


cd 


a 


ac 


ad 


acd 


b 


be 


bd 


bed 


ab 


abc 


abd 


abed 



It can be shown that in general there are precisely 
2 n - 1 orthogonal contrasts in a 2 n Factorial, each corres- 
ponding to a main or interaction effect. A contrast C m 
is defined for any linear combination of k treatment totals 
as follows : 



m 



= c n.T . + C-, n_T _ + 
lm 1 . 1 2m 2 . 2 



+ c km n k T .k 



where 



c lm n l + c 2m n 2 + + c k m n k “ °* 

In this expression j = 1,2, ..., k and nj is the number of 

observations for treatment. , T . is the total of the n. 

J • j J 

observations for treatment . , and c . is the contrast 

D ' Dm 

coefficient for treatment^ . This can be stated more 
compactly as follows: 



k 

C is a contrast if J n.c. = 0 . 

m D D m 

j=l ' 
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Two contrasts C m and are orthogonal if 



' k 

7 n .c . c . 

3 jq 



0 . 



An easy way to show how each contrast is estimated and 

that orthogonality exists in a 2 n Factorial is to assign 

coefficients of + or - to treatment combinations whose effect 

being estimated is at a high level or low level respectively. 

Here n^ = n 2 = ••• = n^, and c^ m = +1 or -1 accordingly. 

4 

Table II . 2 shows such a scheme for the 2 Factorial. 

It should be noted from Table II . 2 that the coefficient 
of an interaction effect is obtained by taking the product 
of the coefficients corresponding to the factors that make 
up the interaction. It can easily be verified from Table II. 2 
that the coefficients in each row sum to zero and that the 
vector dot product of any two rows equals zero, thus satis- 
fying the definitions of contrast and orthogonal contrast. 

Thus the contrast used to estimate the main effect of A in 
4 

a 2 Factorial would be as follows: 



A , . = a + ab + ac + abc + ad + abd + acd + abed 

contrast 

- (1) -b-c-bc-d-bd-cd- bed. 

Simply stated the contrast for A is the sum of all treatments 

where A is at its high level minus the sum of all treatments 

where A is at its low level. It is more convenient to 
* * 

represent this contrast as follows: 



19 



Definitions of Contrasts in a 2 Factorial 



+ + + + + + 



+ + + + + + + 



I + + + I I I + + + I 



+ I 



1 



■8 
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i 1+ + +1 i i 1+ + +1 
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I 

£ 



CO 

<0 
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a 



s 



3 



•9 



+ + I + + I + I + 
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n ' n' 

A , , = 7 A. (high) - j- A. (low) . 

contrast L 1 ^ L j 7 

i=l j=l 

This expression generalizes directly to any effect in both 
the 2 n and 2 ^ Factorials. 

C. DEVELOPMENT OF THE 2 ^ n-p) FRACTIONAL FACTORIAL 

The problem now becomes one of choosing a subset from 
among the original 16 treatment combinations listed in 
Table II. 1 in such a way that worthwhile information can be 
gained from the measurements made. It should be evident that 

each contrast listed in Table II. 2 defines two subsets of 

(4-1) 1 4 

2 treatments or a ^ replicate of the original 2 . 

Choosing any contrast, one subset consists of those eight 

treatments whose corresponding contrast coefficients are 

positive and the second subset consists of those eight 

treatments whose corresponding coefficients are negative. 

Choosing the contrast ABCD as an example and using the subset 

consisting of treatments whose corresponding contrast coeffi- 

. . . (4-1) 

cients in Table II . 2 are positive would result m a 2 

Fractional Factorial where ABCD is a defining contrast. The 

resulting contrast scheme is shown in Table II . 3 . 

The basic characteristics of the 2 p Fractional 

Factorial can easily be seen by examining Table II. 3. First, 

it is readily apparent that no estimate of the effect of the 

ABCD interaction exists. This effect which was arbitrarily 

chosen as the defining contrast has become confounded with 
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Table II. 3 



Contrasts 



Definitions of Contrasts in the 
1/2 Replicate of the 2^ Factorial 

I = ABCD 

Treatments 





(1) 


ab 


ac 


be 


ad 


bd 


cd 


abed 


A 


- 


+ 


+ 


- 


+ 


- 


- 


+ 


B 


- 


+ 


- 


+ 


- 


+ 


- 


+ 


C 


- 


- 


+ 


+ 


- 


- 


+ 


+ 


D 


- 


- 


- 


- 


+ 


+ 


+ 


+ 


AB 


+ 


+ 


- 


- 


- 


- 


+ 


+ 


AC 


+ 


- 


+ 


- 


- 


+ 


- 


+ 


AD 


+ 


- 


- 


+ 


+ 


- 


- 


+ 


BC 


+ 


- 


- 


+ 


+ 


- 


- 


+ 


BD 


+ 


- 


+ 


- 


- 


+ 


- 


+ 


CD 


+ 


+ 


- 


- 


- 


- 


+ 


+ 


ABC 


- 


- 


- 


- 


+ 


+ 


+ 


+ 


ABD 


- 


- 


+ 


+ 


- 


- 


+ 


+ 


ACD 


- 


+ 


- 


+ 


- 


+ 


- 


+ 


BCD 


- 


+ 


+ 


- 


+ 


- 


- 


+ 


ABCD 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 



the estimate of the grand average of all observations . The 
symbol 1 _ is normally used to denote the grand average and 
I = ABCD is called the fundamental identity of our example. 

Secondly, the contrasts used to estimate AD and BC are 
identical, and thus these two effects have become confounded. 
AD and BC are called aliases since the same contrast is 
used to estimate both the effects of AD and BC. Further 
examination of Table II. 3 will show that in this 4 fraction 
every contrast estimates two different effects and thus 
every effect is aliased with one other effect. Thus A and 
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BCD are aliases, C and ABD are aliases, AB and CD are 
aliases, etc. 

By selecting any of the remaining contrasts from Table 
II. 3, the same procedure used in developing the -j fraction 
will result in a j fraction. Choosing the contrast AB and 
using the subset consisting of treatments whose corres- 
ponding contrast coefficients in Table II. 3 are positive 
would result in a | replicate or 2 ; Fractional Factorial 

where the fundamental identity is I = ABCD = AB = CD. The 
resulting contrast scheme is shown in Table II. 4. 



Table II. 4 



Contrasts 



Definitions of Contrasts in the 
1/4 Replicate of the 2 4 Factorial 

I=ABCD=AB=CD 

Treatments 





(1) 


ab 


cd 


abcc 


A 


- 


+ 


- 


+ 


B 




+ 


- 


+ 


C 


- 


- 


+ 


+ 


D 


- 


- 


+ 


+ 


AB 


+ 


- 


+ 


+ 


AC 


+ 


- 


- 


+ 


AD 


+ 


- 


- 


+ 


BC 


+ 


- 


- 


+ 


BD 


+ 


+ 


- 


+ 


CD 


+ 


- 


+ 


+ 


ABC 


- 


- 


+ 


+ 


ABD 


- 


+ 


+ 


+ 


ACD 




+ 


- 


+ 


BCD 


- 


+ 


- 


+ 


ABCD 


+ 


+ 


+ 


+ 
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Several generalities of the 2 Fractional Factorial 
can be realized from examining Table II. 4. First, it can 
easily be seen that the selection of AB as the defining 
contrast, not only confounds AB with the grand average, but 
automatically confounds its alias CD with the grand mean, 
thus CD in this case becomes a defining contrast as well. 

In general there will be precisely 2^-1 defining contrasts 
in a 2 Fractional Factorial. Secondly, it can be seen 
that of the remaining twelve contrasts there are in fact 
only three unique contrasts, each being used to estimate 
four different effects, thus every effect is confounded or 
aliased with three other effects. In general there will 
be precisely 2 ^ - 1 unique contrasts in a 2 ^ Fractional 

Factorial. Furthermore, each effect in a 2 ^ Fractional 
Factorial will be aliased with precisely 2^-1 other effects. 

It should be noted from the above discussion that there 
is a direct correlation between the number of defining con- 
trasts and the number of aliases per effect estimated. The 
fundamental identity I_ not only lists all effects which are 
confounded with the grand average but can be used to determine 
the aliases of any effect in a 2 ^ Fractional Factorial 

as well. This is accomplished by multiplying the effect 
by the terms in the fundamental identity modulus 2. Thus 
in our example, where I=ABCD=AB=CD , the aliases of A could 
be found as follows: 

A • ABCD = A 2 BCD = BCD 
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A- CD = ACD 



D. BLOCKING IN A 2 (n_p) FRACTIONAL FACTORIAL 



It is often difficult in large experiments to obtain 
measurements for every treatment under identical conditions . 
Blocking is a common technique used to account for this 
heterogeneity, but its use results in a corresponding loss 
of additional information. Consider the contrast scheme of 
the Fractional Factorial shown in Table II. 3. Two 

blocks can easily be formed by selecting any of the unique 
contrasts remaining and placing those treatments with 
corresponding positive coefficients in Block 1 and the 
remaining treatments with corresponding negative coeffi- 
cients in Block 2. For example, if AB is selected as the 
defining contrast for blocks, then the resulting plan would 
be as shown in Table II. 5. 



Table II. 5 



(4-1) 

2 Fractional Factorial in 

2 Blocks of 4 Units Each 



Factors: A,B,C,D 

I=ABCD 

Block Confounding: AB 



Block 1 



Block 2 



( 1 ) 

ab 



be 



ac 



cd 

abed 



ad 

bd 



25 



It should be evident from examining this plan that AB 
as well as its alias CD have become confounded with the 
block effect, and thus these effects can no longer be esti- 
mated independent of the block effect. It is important 
therefore that only effects which can be assumed negligible 
be selected as defining contrasts for blocking. A four 
block plan could easily be formed by using a similar 
technique on the already existing blocks. For example, if 
A is selected as the defining contrast then the resulting 
plan would be as shown in Table II. 6. 

Table II. 6 

(4-1) 

2 Fractional Factorial Plan 





in 4 Blocks of 2 


units each 






Factors: A,B,C,D 








Block Confounding: 


AB , A, B 




Block 1 


Block 2 


Block 3 


Block 


ab 


(1) 


ac 


be 


abed 


cd 


ad 


bd 



Again it is obvious from observing Table II. 6 that A 
as well as its alias BCD become confounded with the block 
effect and no clear estimate of either can be obtained. 
Furthermore it should be noted that B as well as its alias 
ACD has also become confounded with blocks. Multiplication 
of the previously chosen defining contrasts for blocks with 
the newly selected contrast for further blocking modulus 2 
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will yield the additional effects confounded with blocks. 

2 

Thus in this example AB*A = A B = B is also confounded with 
blocks. In general if there are k blocks in a 2 
Fractional Factorial there will be precisely (k-1) 2 P effects 
confounded with blocks. 

E. USEFULNESS OF THE 2 (n_p) FRACTIONAL FACTORIAL 

It should be obvious that the use of the fractional 
factorial greatly reduces the size of the experiment but 
also correspondingly reduces the amount of information that 
can be gained from the experiment. Doubtful use at best 
could be gained from the j replicate shown in Table II. 4 
since any inference made about a main effect, say A, would 
require a bold assumption regarding the main effect of its 
alias, B. 

But consider the scheme represented by the replicate 

shown in Table II. 3. Here again any inference made about 

the main effect of A would require that an assumption be 

made about its alias, BCD. But in this case this is not 

(4-2) 

nearly so bold an assumption as that required in the 2 
scheme shown in Table II. 4. In using the j replicate shown 
in Table II. 3, a clear estimate of the effect of all main 
effects can be obtained if an assumption can be made that 
the effects of 2nd order interaction aliases are insignifi- 
cant. Thus the main effects are measurable assuming that 
their aliases are negligible. In general, all effects in a 
2^ n p \ Fractional Factorial are considered measurable if 



27 



they are aliased with no less than 2nd order interactions - 
3-factor interactions. 

In using the 2 Fractional Factorial the assumption 
is normally made that higher order interactions are negligi 
ble. These assumptions are in general realistic. In most 
applications main effects are rather more important than 
2-factor interactions which in turn are a good deal more 
important than 3-factor interactions. Higher order inter- 
actions normally do not often require consideration [1] . 
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III. THE EXPERIMENT 



A. EXPERIMENTAL PLAN 

Recall from Chapter I that the primary motivation for 
this thesis was to investigate and to identify the relative 
importance of the many factors impacting on the tank comman- 
der's target selection process. The ultimate goal of this 
thesis was to enhance the realism achieved in STAR by 
developing a realistic target selection model based on and 
substantiated by current and well-founded empirical data. 

This motivation greatly influenced the choice of the 
experimental plan used in the study, specifically one that 
allowed for the investigation of many factors and one that 
gave reasonable hope for a well-fitted and useful regression 
model . 

The experimental plan selected for the study was a 
2(11 4) p ract j_ ona j_ Factorial in 3 blocks of 16 treatments 
each and is shown in Table III.l. The characteristics of 
this plan made it particularly well-suited for the investi- 
gation conducted in this study. These can be summarized 
as follows : 

1. The plan allows for the investigation of 11 unique 
factors each at two levels while reducing the size of the 
experiment from 2048 to 128 observations per replication. 

2. The alias pattern is such that in the worst case all 

main effects are aliased with no less than 4-factor interactions 
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Table III.l 



EXPERIMENTAL PLAN: 1/16 REPLICATION OF 11 FACTORS IN 

8 BLOCKS OF 16 UNITS EACH. T9] 



FACTORS: A ,B ,C 


F i G / J 


,k,l 




I=ABCDJK=ABEF JL 


=CDEFKL=BCEG 


JKL= ADEGL= ACFGK= 


8DFGJ=ABCDEFGH 


=EFGHJK=CDGHJL 


=A33HKL=ADFHJKL=BCFHL=BDEHK= 


ACEH J* 


BLOCK CONFOUNDING: D EFG, BCFG , BCD E, ACEF, ACDG , ABEG , A SDF . 


ALL TWO-FACTOR 


INTERACTIONS 


ARE MEASURABLE. 






B L 0 


C K S 




1 


2 


3 


4 


( 1) 


ABC D 


BCE3 


ABEF 


ABCDEFGH 


EFGH 


ADFH 


CD GH 


DEFGJL 


ABCEFGJL 


3CDFJL 


ABDGJL 


ABCHJL 


DH JL 


AEGHJL 


CEFHJL 


ACSFJK 


3DEF JK 


ABF3 JK 


BC JK 


3DGHJK 


ACGH J K 


CDEHJK 


ADEFGHJK 


ACDGKL 


BGKL 


ABDEKL 


BCDEFGKL 


3EFHKL 


ACDEFHKL 


CFGHKL 


AH KL 


ABDFJ 


CFJ 


3 H J 


DE J 


CEGHJ 


ABDEGHJ 


ACDEFGJ 


ABCFGHJ 


ABEGL 


CDEGL 


BDEFGHL 


FGL 


CDFHL 


ABFHL 


ACL 


ABCDEHL 


BCDEK 


AEK 


A3CEFHK 


AC DF K 


AFGHK 


BCDFGHK 


DGK 


BEGHK 


3CFGJKL 


ADFGJKL 


ABCDGH JKL 


AC EG JKL 


ADEHJKL 


3CEHJKL 


EFJKL 


3D FH JKL 


5 


5 


7 


9 


ADEG 


CDEP 


ACFG 


BDFG 


BCFH 


AB3H 


3DEH 


ACEH 


A FJL 


CGJL 


ACDEJL 


B E JL 


BCDEGHJL 


ABDEFH JL 


BF3HJL 


ACDFGHJL 


CDFGJK 


AD JK 


EGJK 


ABCDEGJX 


ABEHJK 


3CE7GHJK 


A BCD FHJK 


FHJK 


CSKL 


AEF3KL 


0 FKL 


A3CFKL 


ABDFGHKL 


BCDHKL 


A3CEGHKL 


DEGHKL 


ACDHJ 


ABCS J 


3CDG J 


AG J 


BEFGJ 


DF3H J 


AEFHJ 


BCDEFHJ 


ACEFGHL 


ABCDF3L 


3CEFL 


ADEFL 


BDL 


EHL 


ADGHL 


BCGHL 


DEFHK 


BFK 


ABDEFGK 


CEFGK 


ABCGK 


ACDE3HK 


CHK 


ABDHK 


GHJKL 


3DS3 JKL 


A 3 JKL 


CD JKL 


ABCDEFJKL 


ACFHJKL 


CDEF3HJKL 


AB EFGH JKL 
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and all 2-factor interactions are aliased with no less than 



3-factor interactions. Additionally several 3-factor inter- 
actions are aliased with no less than 4-factor interactions. 
Thus all main effects, 2-factor interactions, and several 
3-factor interactions are measurable if 4-factor and higher 
order interactions are negligible. 

3. The block size of 16 treatments is quite manageable 
and particularly well-suited to experiments treating 
individual subjects as blocks. This particular aspect of 
the plan is discussed in greater detail in the later section 
dealing with data collection. 

4. The factorial structure of the plan allows for the 
analysis of both main effects and interaction effects. 

B. DEPENDENT AND INDEPENDENT VARIABLES 

Two dependent variables relating directly to the two 
primary questions involved in the target selection process 
were investigated in this study. The first of these varia- 
bles will be referred to as the threat index, specifically 
a measure of the degree of threat perceived by the tank 
commander in each of the unique situations described by 
the treatment combinations listed in Table III.l. The 
second variable investigated will be referred to as the 
fire/no-fire decision index, specifically a measure of the 
certainty with which a tank commander would choose to engage 
or not engage in situations described by the treatment 
combinations listed in Table III.l. These variables will be 
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described in much greater detail in the subsequent discussion 
on data collection. 

The choice of 11 independent variables, hereafter 
referred to as factors, reflected the maximum number con- 
sidered possible given the resources available and the 
information desired. This decision was based primarily on 
the desire that numerous replications of the experiment be 
made to insure the best possible estimate for any given 
treatment combination. It should be noted here that the 
consideration of a single additional factor, assuming a 
similar blocking scheme and a desire for equivalent type 
information, would have doubled the size of the experiment 
and thus yielded i the number of repetitions per treatment 
combination that were eventually obtained. The choice of 
the 11 specific factors that were investigated was the 
result of much deliberation among several U.S. Army officers 
familiar with the Armor battlefield. Primary consideration 
was given to the inclusion of those factors that were thought 
to be the most relevant in the target selection process. 

In the experimental plan shown in Table III.l and in 
the remainder of this thesis, factors are designated by the 
letters: A,B,C,D,E,F,G,H,J,K,L. The factors that were 

investigated in the study and designated by the letter 
scheme shown above are as follows: 

A — on board rounds remaining 

A_„ 7 — above critical level 
LOW 

Arigr *- at or below critical level 
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B — friendly tank's current activity 



C - 



®LOW — stationary /hull defilade 
Brigh — moving/partially exposed 
- anticipated resupply 
C, 



'LOW 



— soon 



C HIGH “ n0t SOOn 
D — speed of enemy target 

d low "" not fast 
d high fast 

E — cover/concealment of the enemy target 
E LOW — fully exposed 
Ericr — not fully exposed 
F — enemy target's position relative to friendly 
tank's sector of responsibility 
E LOW — enemy target is not in the sector 
Frigr — enemy target is in the sector 
G — intelligence on previous firing activity of the 
enemy target 

G LOW — target has not been detected firing in the 
last 60 seconds 

G ttt ^ tt — target has been detected firing in the 

riXLjfi — 

last 60 seconds 
H — enemy target type 

H t — BMP/BRDM with sagger 

h high Tank T72 
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J — turret orientation of enemy target relative to 
the friendly tank 

J LOW — turret pointed away from friendly tank 
J TTT ^, TT — turret pointed at friendly tank 

ri-L(jn 

K — range to enemy target 
K t „ 7 — 1050 meters 

LiUW 

Krigh — 1700 meters 

L — range adjustment factor 

L T/A77 — no adjustment of range 

LiUW 

LoT-t, — add 1300 meters to range 

n -LUn 

It should be noted that K and L are pseudo factors for 
range and that four distinct ranges were investigated. Thus 
the three degrees of freedom attributable to these four 
levels of range are the main effect of K, the main effect 
of L, and the interaction of K and L. The four levels of 
range can easily be explained using the various combinations 
of K and L as follows: 



Factor L 



Factor K 



k low 

k high 



l low 
1050 m 

1700 m 



L HIGH 
2350 m 

3000 m 



Factor L thus reflects differences between far and near 

ranges and can be described as follows: 

L LOW — range is less than 2000 meters 
• * 

L HTrH — range exceeds 2000 meters 
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The KL interaction reflects differences between the inter- 
mediate ranges and the extreme ranges. 

Additional comments are appropriate in regard to the 
factors listed above. Factors A and C relate directly to 
the immediate logistical problem faced by a tank commander 
in combat. Available information indicates that no presently 
existing combined arms simulation model considers these 
important logistical questions. It should also be noted 
that some of the factors are described in subjective terms, 
factors C and D for example. These somewhat obscure des- 
criptions are considered not unrealistic with the immediate 
intelligence that would be available to the tank commander 
on the future high-intensity battlefield. 

C . DATA COLLECTION 

The absence of existing data at the start of this study 
required that a major effort be devoted to the collection 
of such data. This effort was undertaken with the realiza- 
tion in mind that the credibility of eventual conclusions drawn 
from the study would be directly attributable to the credi- 
bility of the data collected for the study. This realization 
implied the following two fundamental characteristics of 
the data collection plan: 

1. The sampling population should consist of the actual 
decision makers directly involved with target selection. 

2. The data should reflect as much as possible the 
realistic measurements of the two dependent variables under 
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investigation, specifically the threat index and the fire/ 
no-fire decision index discussed above. The use of a 
questionnaire was considered the only feasible approach that 
would permit the collection of data while still retaining 
the desired characteristics stated above. 

The selection of the experimental plan shown in Table 
III.l greatly facilitated the design of the questionnaire 
used in data collection. It should be evident from observing 
Table III.l that each treatment combination fully describes 
a unique battlefield situation. This fact, coupled with the 
blocking scheme shown in Table III.l, became the essence 
of the questionnaire. Eight distinct questionnaires were 
used in the actual data collection, each corresponding to 
one of the eight experimental blocks of the experiment. A 
modified version of the questionnaire corresponding to 
Block 1 is shown in Appendix A. Each questionnaire was 
identical to the one shown in Appendix A with the exception 
that the particular situations presented were uniquely based 
on the 16 distinct treatment combinations peculiar to the 
experimental block corresponding to the questionnaire. 
Additionally, situation 17 of each questionnaire was iden- 
tical to situation 5 of that particular questionnaire, and 
situation 13 was a unique situation that was identical 
for all questionnaires. 

Several attributes of the questionnaire are considered 
* % 

deserving of further comment. The introductory comments 
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that are shown in Appendix A and that characterized each 
questionnaire reflected a serious attempt to clarify the 
general nature and terminology of the questionnaire and to 
familiarize the individual with the specific requirements 
expected of him in completing the questionnaire. It is 
important to note that decisive individual action was 
encouraged by instructing the individual to rapidly appraise 
each situation and to respond accordingly with minimal 
hesitation. The restriction of the size of each question- 
naire to 18 situations tended to reduce the lack of motiva- 
tion and lack of interest commonly generated by lengthy 
questionnaires. The inclusions of situations 17 and 18, 
as defined above, gave some insight into the consistency 
of each individual's responses as well as a general consis- 
tency among the entire sample of individuals. Additionally, 
the critique and personal history form greatly facilitated 
the summarizing of important characteristics of the sample 
from which the data was collected. 

Sixty-four tank commanders presently serving on active 
duty participated in the study, and thus 8 replications of 
the experiment were conducted. A summary of the important 
characteristics of these tank commanders is given in Appendix 
B. The data base thus established, which became the basis 
for the analysis discussed in the subsequent portions of 
this thesis, is shown in Tables III. 2 and III. 3. Table 
III. 2 reflects observations obtained for response 1, 
specifically measurements of the threat index standardized 
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to a 0-1 scale. Table III. 3 reflects observations obtained 



for response 2, specifically measurements of the fire/ 
no-fire decision index. The organization of these tables 
corresponds directly to the experimental plan shown in 
Table III.l. It should be noted from Tables III. 2 and 
III. 3 that there was in general much disagreement among the 
tank commanders questioned concerning both the threat posed 
by a specific enemy target and the decision to engage or 
not to engage a specific target. The data thus substantiates 
the very subjective nature of the two dependent variables 
investigated. 

It is the opinion of the author that the data base thus 
established and discussed above is credible and does provide 
insight into the relative importance of the factors inves- 
tigated in the target selection process of the current 
generation of tank commanders. This opinion is based in 
part on the extensiveness of the data base and on the 
generally favorable comments made by the tank commanders 
who participated in the study. It is acknowledged that 
numerous physical and psychological factors relevant to 
actual combat and not directly considered in this study 
could profoundly alter the naturally judgemental decisions 
reflected in this data base. Unfortunately, to realistically 
measure the effect of such factors as stress, fear, fatigue, 
confusion, etc. , is far beyond the capabilities of this 
study, and would be doubtful at best short of actual combat. 
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Table III. 2 Standardized Observations of Threat Index 



TREATMENT 


BLK 

# 


1 


2 


3 


REPLICATION 
4 5 


5 


7 


8 


(1) 


1 


0. 49 


0.50 


0.75 


0.90 


0.65 


0 . 54 


0.40 


0.76 


ABCDEFGH 


1 


0. 36 


0.80 


0.65 


0.65 


0.85 


0.42 


0.45 


0.65 


DEFGJL 


1 


0.4 9 


0.80 


0.35 


0.65 


0.74 


0.52 


0.85 


0.74 


ABCHJL 


1 


0*68 


0. 80 


0.60 


0.55 


0.74 


0.32 


0.85 


0. 74 


ACEFJK 


1 


0.29 


0.80 


0.50 


0 . 77 


0.84 


0.92 


0.86 


0.83 


BDGHJK 


1 


0.19 


1 . 00 


0.80 


0.75 


0.94 


0.82 


0.90 


0.82 


ACDGKL 


1 


0.68 


0.50 


0.30 


0 . 35 


0.67 


0.32 


0 . 44 


0.66 


3EFHKL 


1 


0.97 


0.60 


0.40 


0.50 


0.57 


0.52 


0.40 


0.64 


A3DFJ 


1 


0.29 


0.80 


0.80 


0 . 70 


0.84 


0.92 


0.94 


0. 84 


CEGHJ 


1 


0.28 


1.00 


0.65 


0.75 


0.95 


1.00 


0.90 


0.74 


ABEGL 


1 


0.72 


0. 90 


0.45 


0 .64 


0.64 


0.52 


0. 33 


0.75 


CDF HL 


1 


0.98 


0.7 1 


0.60 


0 . 75 


0.63 


0.44 


0.70 


0.67 


3CDEK 


1 


0.77 


0. 50 


0.50 


0.75 


0.72 


0.92 


0.34 


0.74 


AFGHK 


1 


0.17 


0.91 


0.60 


0.86 


0.75 


0.94 


0 . 40 


0.76 


3CFGJKL 


1 


0.63 


0.90 


0.40 


0.55 


0. 75 


0.62 


0.60 


0 . 75 


ADE HJKL 


1 


0.97 


0.60 


0.70 


0.54 


0.56 


0.62 


0 . 60 


0.64 


ABCD 


2 


0.45 


0.70 


0.83 


0.60 


0.60 


0.52 


0.35 


0.20 


EFGH 


2 


0.55 


0. 40 


0.55 


0.35 


0.94 


0.54 


0.78 


0.50 


A3CEFGJL 


2 


0.33 


0.60 


0.65 


0 . 40 


0.96 


0.82 


0.84 


0.60 


DHJL 


2 


0.93 


0. 70 


0.76 


0.38 


0.74 


1 . 00 


0.65 


0.74 


3DEFJK 


2 


0.75 


0. 70 


0.73 


0.75 


0.75 


0.9 1 


0.75 


0. 49 


ACGHJK 


2 


0.95 


0.40 


0.35 


0.90 


0.94 


0.42 


0.84 


0.88 


BGKL 


2 


0. 45 


0. 70 


0.96 


0.28 


0.87 


3.42 


0.64 


0.26 


ACDEFHK L 


2 


0.35 


0.60 


0.66 


0 . 30 


0.75 


0.72 


0.57 


0.40 


CFJ 


2 


0.95 


0. 60 


0.25 


0 .94 


0 . 36 


1 . 00 


0.87 


0.88 


A3DEGHJ 


2 


0.90 


0.40 


0.55 


0 . 30 


0. 96 


0 .62 


0.34 


0.90 


CDEGL 


2 


0.45 


0.70 


0.86 


0.43 


0.66 


0.42 


0.74 


0.20 


ABFHL 


2 


0.45 


0.60 


0.74 


0.43 


0.34 


3.54 


0.75 


0.60 


ASK 


2 


0.35 


0.70 


0.55 


0.54 


0.55 


0. 92 


0.75 


0.55 


BCDFGHK 


2 


0.55 


0. 60 


0.56 


0 . 75 


0.35 


1 . 00 


0.75 


0.5 0 


ADFGJKL 


2 


0.75 


0.60 


0.64 


3 . 28 


0. 34 


0.64 


0.65 


0.60 


3CEHJKL 


2 


0.35 


0. 50 


0.64 


0.56 


0.65 


3. 54 


0. 65 


0.50 
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Table III. 2 (continued) 



TREATMENT 


BLK 

# 


i 


2 


3 


REPLICATION 
4 5 


6 


7 


8 


3 CEG 


3 


0.8 1 


0. 72 


0.82 


0.70 


0.68 


0.72 


0.66 


0.54 


ADFH 


3 


0.61 


0.62 


0.9 1 


0 . 50 


0. 82 


0.56 


0.60 


0.64 


BCDFJL 


3 


0.95 


0. 91 


0.68 


0.80 


0.37 


0.62 


0. 90 


0.84 


AEGHJL 


3 


0.7 1 


0.82 


0.40 


0 . 80 


0. 92 


0.36 


0.90 


0.82 


ABFGJK 


3 


1.00 


1 .00 


0.75 


0.90 


0. 96 


0.63 


0 . 94 


0.94 


CDEHJK 


3 


0.8 1 


0.92 


0.50 


0.70 


0.88 


0.62 


0 . 74 


0.92 


ABDEKL 


3 


0.7 1 


0.62 


0.25 


0.30 


0.52 


0.38 


0.55 


0.44 


CFGriKL 


3 


0.51 


0. 80 


0.30 


0.30 


0.45 


0.45 


0.70 


0.44 


3HJ 


3 


1 .00 


1 .00 


0.90 


0.8 1 


0. 84 


0.84 


0.80 


0.86 


ACDEFGJ 


3 


1.00 


0. 81 


1 .00 


0 . 30 


0.95 


0. 46 


0.90 


0.94 


3DEFGHL 


3 


0.6 1 


0. 72 


0 .40 


0 .40 


0.67 


0.57 


0. 70 


0.64 


ACL 


3 


0.85 


0.64 


0.26 


0 .30 


0. 58 


0. 45 


0.64 


0.56 


ABCEFH K 


3 


0.75 


0. 90 


0 .44 


0.30 


0.72 


0.64 


0 . 70 


0.74 


DGK 


3 


0.9 1 


0.72 


0 .80 


0 . 30 


0.57 


0.52 


0.74 


0.74 


ABCDGHJKL 


3 


0.85 


1 . 00 


0.19 


0.20 


0.88 


0. 36 


0.9 0 


0.74 


EFJKL 


3 


1.00 


0.90 


0.60 


0 .51 


0. 36 


0.74 


0.90 


0.74 


A3EF 


4 


0.62 


0.75 


0.40 


0.36 


0.45 


0. 64 


0 . 55 


0. 93 


CDGH 


4 


0.45 


0.75 


0.75 


0.92 


0.54 


0.37 


0.65 


0.60 


A3DGJL 


4 


0.67 


0.65 


0.32 


0.6 1 


0.84 


0. 94 


0.34 


0.76 


CEFHJL 


4 


0.50 


0.65 


0 .5 1 


0.40 


0 . 65 


0.74 


0.84 


0. 80 


3CJK 


4 


0.65 


0.65 


0.65 


0.52 


0.75 


0 .44 


0.95 


0.96 


AD2FGHJK 


4 


0.80 


0.75 


0.90 


0.95 


0.34 


0.77 


0 . 94 


0.98 


3CDEFGKL 


4 


0.40 


0.35 


0 .60 


0 . 20 


0.54 


0.37 


0 .44 


0.30 


AHKL 


4 


0.40 


0.45 


0.20 


0 . 20 


0.35 


0. 25 


0.44 


0.45 


DEJ 


4 


0.60 


0.35 


0 .65 


0 .80 


0.75 


0. 92 


0.35 


0. 78 


ABCFGHJ 


4 


0.90 


0. 95 


1 .00 


1 .00 


0.64 


0.90 


0.96 


1 .00 


FGL 


4 


0.59 


0.45 


0.45 


0 . 70 


0 . 75 


0.55 


0.63 


0.46 


A3CBEHL 


4 


0.50 


0.35 


0 . 24 


0 . 30 


0.46 


0.56 


0.56 


0.5 5 


ACDFK 


4 


0.65 


0. 45 


0.52 


0.40 


0.65 


0 .65 


0 . 74 


0. 55 


BEG HR 


4 


0.65 


0. 55 


0.75 


0 . 40 


0.54 


0.58 


0.74 


0.80 


ACSGJK'L 


4 


0.4 9 


0.55 


0.50 


0.75 


0 . 74 


0.86 


0.74 


0.20 


3DFHJKL 


4 


0.55 


0. 35 


0 .32 


0.50 


0.74 


0.85 


0.74 


0.4 0 
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Table III. 2 (continued) 



BLK 



TREATISE ST 


* 


1 


2 


3 


ADEG 


5 


0.5 1 


0.61 


0.94 


BCFH 


5 


0.80 


0.78 


0.24 


AFJL 


5 


0.80 


0. 90 


0.75 


BCD EGHJL 


5 


0.59 


0.88 


0.20 


CDFGJK 


5 


0.70 


0. 96 


0.83 


A3EHJK 


5 


0.90 


0. 99 


0.15 


CEKL 


5 


0. 1 2 


0. 55 


0.75 


ABDFGHKL 


5 


0.10 


0.48 


0.45 


ACDHJ 


5 


0. 35 


0.96 


0.15 


BEFGJ 


5 


0.83 


0. 87 


0.14 


ACE r GHL 


5 


0.50 


0.68 


0. 35 


BDL 


5 


0.60 


0. 46 


0.75 


DEFHK 


5 


0.85 


0.68 


0.54 


ABCGK 


5 


0.70 


0.68 


0.45 


jH J K L 


5 


0.76 


0. 80 


0.26 


ABCDEFJrCL 


5 


0.70 


0. 90 


0 . 26 


CDEF 


6 


0 .50 


0. 65 


0.90 


A3GH 


6 


0.50 


0.15 


0 .80 


CGJL 


6 


0 .70 


0. 75 


0.40 


ABDEFHJL 


6 


0.60 


0.95 


0.75 


ADJK 


6 


0 .30 


0.65 


0.90 


3CEFGHJK 


6 


1 .00 


0.97 


0.74 


AEFGKL 


6 


0 . 30 


0. 25 


0.40 


BCDHKL 


6 


0.40 


0. 15 


0.60 


ABC EJ 


6 


0.70 


0. 75 


0.70 


DFGHJ 


6 


0.90 


0 .98 


0.94 


ABCDFGL 


6 


0.80 


0.05 


0.50 


SHL 


5 


0.60 


0.35 


0.60 


3FK 


6 


0.5 1 


0.13 


0.81 


ACDEGHK 


6 


0 .50 


0.15 


0 .60 


3DEG JX'L 


6 


0.51 


0.55 


0.60 


ACFHJKL 


6 


0.90 


0. 98 


0.6 1 



REPLICATION 
4 5^ 


6 


7 


8 


0.65 


0. 75 


0.58 


0.62 


0.62 


0.64 


0.60 


0.70 


0.54 


0.74 


0 .86 


0.80 


0.62 


0 .63 


0. 92 


0.86 


0.84 


0.75 


0.94 


0.92 


0.86 


0.80 


0 . 46 


1.00 


1 .00 


0-34 


0. 90 


0.74 


0.85 


0.92 


0.87 


0.50 


0.50 


0.33 


0.26 


0.85 


0.75 


0.5 1 


0.65 


0.67 


0.34 


0.98 


0. 70 


0.94 


1 .00 


0.27 


0. 90 


0 . 50 


0.33 


1.00 


0 .35 


0. 68 


0.51 


0.55 


0.74 


0.75 


0.70 


0.50 


0.67 


0.35 


0. 24 


0. 75 


0.74 


0.75 


0.62 


0.25 


0.70 


0.60 


0.74 


0.36 


0.75 


0.76 


0.56 


0.64 


0.56 


0 . 83 


0.75 


0.64 


0.75 


0.32 


0.42 


0.60 


0 . 30 


0 . 60 


0.72 


0.35 


0. 70 


0.60 


0.48 


0.85 


0.74 


0.69 


0 . 30 


0. 75 


0.84 


0 . 33 


0. 50 


0.60 


0 . 73 


0.64 


0.84 


0.70 


0.50 


0.75 


0. 72 


0.92 


1 .00 


0.60 


0.75 


0.90 


0.15 


0.70 


0. 30 


0.53 


0. 52 


0 . 12 


0. 40 


0.30 


0.55 


0.10 


0.34 


0.70 


0.60 


0 . 36 


0.70 


0.94 


1 . 00 


0.90 


0.98 


1.00 


0.44 


0.60 


0.30 


0.60 


0.20 


0.53 


0.50 


0. 30 


0 . 50 


0. 10 


0.54 


0.68 


0. 30 


0.50 


0.66 


0.64 


0.30 


0 . 40 


0.50 


0.6 0 


0 . 53 


0. 40 


0.60 


0.80 


0.78 


0 . 74 


0.30 


0.60 


0.65 


0.50 
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Table III. 2 (continued) 



TREATMENT 


CD 


1 


2 


3 


REPLICATION 
4 5 


6 


7 


8 


ACPG 


7 


0.93 


0.55 


0 .85 


0.42 


0.65 


0.86 


0.72 


0.65 


BDSH 


7 


0.93 


0.30 


0.72 


0.52 


0.85 


0.94 


0.52 


0.56 


ACDEJL 


7 


0.76 


0. 50 


0.57 


0.92 


0.75 


1.00 


0.80 


0.55 


3FGHJL 


7 


0.95 


0.80 


0.40 


0.94 


0. 95 


0.90 


0.65 


0.76 


EGJK 


7 


0.85 


0.80 


0.70 


0.92 


0. 36 


0.90 


0.82 


0.70 


ABCDFHJK 


7 


1.00 


0. 65 


0 .55 


0.72 


0.94 


1.00 


0.63 


0. 94 


DFKL 


7 


0.54 


0.39 


0. 17 


0.25 


0.64 


0.80 


0.40 


0.37 


ABCEGHKL 


7 


0 . 62 


0.25 


0.10 


0.54 


0.75 


0 . 30 


0.35 


0.45 


3CDGJ 


7 


0.95 


0.90 


0.38 


0. 94 


0. 35 


1 . CO 


0.90 


0.59 


AEFHJ 


7 


0.95 


0. 95 


0.50 


0 . 94 


0.96 


1.00 


0.92 


0.80 


BCSFL 


7 


0.73 


0.4 8 


0.50 


0.24 


0.56 


0.90 


0. 51 


0.56 


ADGHL 


7 


0.73 


0.60 


0.30 


0.44 


0.64 


0.90 


0.51 


0.57 


ABDEFGK 


7 


0.86 


0.70 


0.50 


0.64 


0.64 


0.90 


0 . 60 


0.70 


CHK 


7 


0.84 


0.55 


0.60 


0 . 34 


0. 64 


0.90 


0.54 


0.60 


ABJKL 


7 


0.67 


0.49 


0.26 


0.64 


0.35 


0.30 


0. 70 


0.80 


CDEFGHJrO. 


7 


0.35 


0.40 


0.22 


0 . 72 


0.34 


0.90 


0.79 


0.65 


BDFG 


3 


0.33 


0. 70 


0.73 


0.52 


0.84 


0. 46 


0. 72 


0.45 


ACEH 


3 


0.58 


0.65 


0.78 


0 . 72 


0.33 


0.36 


0.94 


0.75 


3EJL 


8 


0.82 


0.73 


0.45 


0.52 


0. 30 


0.26 


0.93 


0.35 


ACDFGHJL 


8 


0. 67 


0. 95 


0.50 


0.72 


0.98 


0.50 


0.93 


0. 86 


A3CD3GJK 


3 


0.95 


0 . 85 


0.65 


0.42 


0.30 


0.40 


0 . 74 


0.33 


FHJK 


3 


0.38 


0. 75 


0.64 


0.22 


0.30 


0.80 


1 . 00 


1 .00 


A3CFKL 


3 


0.64 


0.45 


0.70 


0 . 82 


0.50 


0.20 


0.55 


0. 25 


DEGHKL 


3 


0.62 


0.40 


0.50 


0.32 


0.53 


0. 30 


0. 55 


0.75 


AGJ 


3 


0.95 


0. 55 


0.70 


0 .62 


0.84 


0.81 


0.83 


0.74 


3CDEFHJ 


3 


0.98 


0.75 


0.98 


0 . 22 


0.74 


0 . 90 


0.93 


1.00 


A 0 E F L 


8 


0.82 


0.55 


0.50 


0 . 72 


0.63 


0 . 55 


0. 45 


0. 34 


3CGHL 


3 


0.88 


0.65 


0. 50 


0 . 34 


0.69 


0 .44 


0.75 


1 .00 


CEFGK 


3 


0.9 6 


0. 50 


0.60 


0 . 72 


0 . 65 


0 . 36 


0.96 


0.55 


ASOHK 


8 


0.92 


0.45 


0.6 5 


0 .52 


0. 72 


0.45 


0.65 


0.34 


CDJKL .. 


3 


0.84 


0.45 


9.70 


0.72 


0.62 


0.30 


0.64 


0.35 


AB 2FGHJKL 


8 


0.87 


0.67 


0 .30 


0.52 


0. 74 


0.68 


0.85 


0. 75 
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Table III. 3 Observations of Fire/No-fire Decision Index 



TREATMENT 


BLK 

* 


1 


2 


3 


REPLICATION 
4 5 


6 


7 


8 


(1) 


1 


YES 


NO 


YES 


YES 


YES 


NO 


NO 


YES 


ABCDEFGH 


1 


YES 


YES 


NO 


NO 


YES 


NO 


NO 


YES 


DEFGJL 


1 


NO 


YES 


NO 


NO 


YS3 


YES 


YES 


NO 


ABCHJL 


1 


YES 


YES 


YES 


NO 


NO 


YES 


YES 


YES 


ACEFJK 


1 


YES 


YES 


NO 


YES 


YES 


YES 


YES 


YES 


BDGHJK 


1 


NO 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


ACDGKL 


1 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


BEFHKL 


1 


NO 


NO 


NO 


NO 


NO 


YES 


NO 


NO 


A3DF J 


1 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


CEGHJ 


1 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


A32GL 


1 


YES 


YES 


NO 


NO 


NO 


YES 


NO 


NO 


CDFHL 


1 


NO. 


NO 


YES 


YES 


YES 


YES 


YES 


NO 


3CDEK 


1 


YES 


NO 


NO 


Y SS 


YES 


YES 


NO 


NO 


AFGHK 


1 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


3CFGJKL 


1 


NO 


YES 


NO 


NO 


NO 


YES 


YES 


YES 


ADEHJKL 


1 


NO 


NO 


NO 


NO 


NO 


YES 


YES 


NO 


A3CD 


2 


NO 


NO 


NO 


YES 


NO 


NO 


NO 


NO 


2FGB 


2 


YES 


YES 


NO 


YES 


YES 


NO 


YES 


YES 


A3C r. FG J L 


2 


NO 


NO 


NO 


NO 


YES 


YES 


NO 


YES 


Da J L 


2 


NO 


NO 


NO 


NO 


YES 


YES 


YES 


NO 


BDEFJK 


2 


YES 


NO 


NO 


YES 


YES 


YES 


YES 


YES 


ACGKJK 


2 


YES 


YES 


YES 


YES 


YES 


NO 


YES 


YES 


3GXL 


2 


NO 


NO 


NO 


NO 


YES 


NO 


NO 


NO 


ACDEFHKL 


2 


NO 


NO 


NO 


NO 


NO 


YES 


NO 


NO 


CFJ 


2 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


ABDEGHJ 


2 


YES 


NO 


YES 


YES 


YES 


YES 


YES 


YES 


CDEGL 


2 


NO 


NO 


NO 


NO 


YES 


YES 


NO 


NO 


A3FHL 


2 


NO 


YES 


NO 


NO 


YES 


YES 


NO 


YES 


A2K 


2 


YES 


NO 


NO 


NO 


YES 


YES 


YES 


NO 


3CDFGHK 


2 


YES 


NO 


YES 


YES 


YES 


YES 


YES 


YES 


ADFGJK'L 


2 


NO 


NO 


YES 


NO 


YES 


YES 


NO 


NO 


3C2HJXL 


2 


NO 


NO 


NO 


NO 


NO 


YES 


NO 


NO 
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Table III. 3 (continued) 



TRZATilE NT 


1 tJJ | 

| | 

1 PS 1 

1 1 


i 


2 


3 


REPLICATION 
4 5 


6 


7 


8 


BCEG 


3 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


NO 


ADPH 


3 


NO 


YES 


YES 


YES 


YES 


NO 


NO 


NO 


BCDFJL 


3 


YES 


NO 


NO 


YES 


YES 


NO 


YES 


NO 


AEGHJL 


3 


YES 


NO 


NO 


YES 


YES 


NO 


YES 


NO 


A3FG JK 


3 


YES 


YES 


YES 


YES 


YES 


NO 


YES 


YES 


CDEHJK 


3 


YES 


YES 


NO 


YES 


YES 


YES 


YES 


YES 


ABDEKL 


3 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


CFGEKL 


3 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


BHJ 


3 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


ACDEFG J 


3 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


3DZFGHL 


3 


NO 


NO 


NO 


YES 


NO 


NO 


NO 


NO 


ACL 


3 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


A3CEFHK 


3 


YES 


YES 


NO 


YES 


NO 


NO 


NO 


YES 


DGK 


3 


YES 


YES 


YES 


NO 


YES 


NO 


YES 


NO 


A3CDGHJKL 


3 


NO 


YES 


NO 


NO 


YES 


NO 


YES 


NO 


EFJKL 


3 


YES 


NO 


NO 


NO 


YES 


NO 


YES 


NO 


A3EF 


4 


NO 


NO 


NO 


NO 


YES 


Y ES 


NO 


YES 


CDGH 


4 


YES 


YES 


YES 


YES 


YES 


YES 


NO 


YES 


ABDGJL 


4 


NO 


NO 


NO 


NO 


YES 


YES 


NO 


YES 


C2FHJL 


4 


NO 


NO 


NO 


NO 


YES 


NO 


NO 


YES 


3CJK 


4 


YES 


NO 


NO 


YES 


YES 


NO 


YES 


YES 


AOEFGH JK 


4 


YES 


NO 


YES 


YES 


YES 


NO 


YES 


YES 


3CDEFGKL 


4 


NO 


NO 


NO 


NO 


YES 


NO 


NO 


NO 


AHKL 


4 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


Y ES 


DSJ 


4 


YES 


NO 


NO 


YES 


YES 


YES 


YES 


YES 


ABCFGHJ 


4 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


FGL 


4 


YES 


YES 


NO 


NO 


YES 


YES 


NO 


YES 


A3CDSHL 


4 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


ACDFK 


4 


NO 


NO 


NO 


NO 


YES 


NO 


YES 


NO 


3EGHK 


4 


YES 


YES 


YES 


YES 


YES 


YES 


NO 


YES 


AC3GJ&L 


4 


NO 


NO 


NO 


NO 


YES 


NO 


NO 


NO 


3DFKJKL 


4 


NO 


NO 


NO 


NO 


YES 


YES 


NO 


YES 
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Table III. 3 (continued) 
BLK REPLICATION 



TREATMENT 


# 


1 


2 


3 


4 


5 


6 


7 


8 


ADEG 


5 


NO 


YES 


NO 


NO 


NO 


YES 


YES 


YES 


BCEH 


5 


YES 


YES 


YES 


NO 


YES 


YES 


NO 


YES 


A FJL 


5 


YES 


YES 


NO 


NO 


NO 


YES 


NO 


YES 


BCDEGHJL 


5 


NO 


YES 


YES 


NO 


YES 


YES 


YES 


YES 


CDFGJK 


5 


YES 


YES 


YES 


NO 


YES 


YES 


YES 


YES 


ABEHJK 


5 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


CEKL 


5 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


ABDFGHKL 


5 


NO 


YES 


NO 


NO 


NO 


NO 


NO 


NO 


ACDHJ 


5 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


3EFGJ 


5 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


ACEFGHL 


5 


NO 


YES 


NO 


NO 


NO 


YES 


NO 


NO 


3DL 


5 


NO 


YES 


YES 


NO 


YES 


YES 


YES 


YES 


DS? HK 


5 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


ABC GK 


5 


YES 


YES 


NO 


YES 


NO 


NO 


YES 


NO 


oHC KL 


5 


NO 


YES 


YES 


NO 


NO 


NO 


YES 


YES 


A3CDEFJKL 


5 


NO 


YES 


YES 


NO 


NO 


YES 


NO 


NO 


CDE F 


6 


YES 


YES 


YES 


NO 


YS5 


YES 


NC 


NO 


A3G □ 


6 


YES 


YES 


YES 


NO 


YES 


YES 


YES 


YES 


CGJ L 


6 


YES 


YES 


NO 


YES 


YES 


YES 


YES 


YES 


A3DZP3JL 


6 


YES 


YES 


NO 


YES 


YES 


YES 


NO 


NO 


AD J K 


5 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


3CEFGHJX 


6 


YES 


YES 


NO 


YES 


YES 


YES 


YES 


YES 


AEFGKL 


6 


NO 


YES 


NO 


NO 


NO 


NO 


NO 


NO 


3CDHKL 


6 


NO 


YES 


NO 


NO 


NO 


NO 


NO 


NO 


A3CEJ 


6 


NO 


YES 


NO 


YES 


YES 


YES 


YES 


YES 


DPGHJ 


6 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


A3CDFGL 


6 


YES 


NO 


NO 


NO 


YES 


YES 


NO 


NO 


EHL 


6 


YES 


YES 


NO 


NO 


YES 


NO 


NO 


NO 


3FK 


6 


YES 


YES 


YES 


YES 


YES 


YES 


NO 


YES 


ACDEGHK 


6 


NO 


YES 


NO 


NO 


YES 


NO 


NO 


NO 


3DEGJRL 


6 


YES 


YES 


NO 


NO 


NO 


YES 


YES 


YES 


ACFHJKL 


6 


YES 


YES 


YES 


YES 


NO 


YES 


NO 


NO 
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Table III. 3 (continued) 



TREATMENT 


3LK 


1 


2 


3 


REPLICATION 
4 5 


6 


7 


3 


ACFG 


7 


YES 


NO 


NO 


YES 


YES 


YES 


YES 


YES 


BDEH 


7 


YES 


NO 


YES 


YES 


YES 


YES 


NO 


YES 


ACDEJL 


7 


NO 


NO 


NO 


NO 


YES 


YES 


YES 


NO 


3FGHJL 


7 


YES 


YES 


NO 


YES 


YES 


YES 


YES 


YES 


EGJK 


7 


YES 


YES 


NO 


YES 


YES 


YES 


YES 


YES 


A3CDFHJK 


7 


YES 


YES 


NO 


YES 


YES 


YES 


YES 


YES 


DFKL 


7 


NO 


NO 


NO 


YES 


YES 


YES 


NO 


NO 


A3CEGHKL 


7 


NO 


NO 


NO 


NO 


YES 


NO 


NO 


NO 


BCDGJ 


7 


YES 


YES 


NO 


YES 


YES 


YES 


YES 


YES 


ASFHJ 


7 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


3CEFL 


7 


NO 


NO 


NO 


NO 


YES 


NO 


NO 


NO 


ADGHL 


7 


NO 


NO 


NO 


YES 


YES 


NO 


NO 


NO 


ABDEFGK 


7 


YES 


YES 


NO 


YES 


YES 


YES 


NO 


NO 


CHK 


7 


YES 


NO 


NO 


YES 


YES 


NO 


NO 


YES 


ABJKL 


7 


NO 


NO 


NO 


YES 


YES 


NO 


YES 


NO 


CDEFSHJKL 


7 


YES 


NO 


NO 


YES 


YES 


NO 


NO 


NO 


3DFG 


8 


YES 


YES 


YES 


YES 


YES 


YES 


NO 


YES 


AC E a 


8 


NO 


NO 


YES 


YES 


YES 


YES 


YES 


NO 


3EJ L 


3 


NO 


YES 


NO 


YES 


YES 


NO 


YES 


NO 


ACDFGHJL 


3 


NC 


YES 


NO 


NO 


YES 


YES 


YES 


YES 


A3CDEGJK 


8 


YES 


YES 


NO 


Y ES 


YES 


YES 


NO 


YES 


FHJK 


8 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


ABC FKL 


3 


NO 


NO 


NC 


NO 


NO 


NO 


NO 


NO 


DEGHKL 


8 


NO 


YES 


NO 


NO 


YES 


NO 


NC 


YES 


AGJ 


8 


YES 


YES 


YES 


YES 


YES 


Y ES 


YES 


YES 


3CDKF9J 


8 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


YES 


ADEFL 


3 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


NO 


3C3HL 


8 


YE S 


YES 


NO 


NO 


YES 


NO 


YES 


YES 


CZFGK 


8 


YES 


YES 


YES 


NO 


YES 


YES 


YES 


NO 


ABDHK 


8 


YES 


YES 


YES 


YES 


YES 


YES 


NO 


YES 


CDJKL 


9 


YES 


NO 


NO 


YES 


NO 


NO 


YES 


NO 


A3EFGHJKL 


8 


NO 


YES 


NO 


YES 


NO 


YES 


NO 


NO 
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IV. GENERAL METHODOLOGY USED IN THE ANALYSIS 



A. GENERAL COMMENTS CONCERNING THE ANALYSIS 

The motivation for the analysis was to determine the 
relative significance of each of the 11 factors investigated 
in regard to the two dependent variables considered in the 
study. Accordingly, two separate analyses were conducted. 
Chapter V discusses the analysis of the threat index, data 
for which is shown in Table III. 2. Chapter VI discusses 
the analysis of the fire/no-fire decision index, data for 
which is shown in Table III. 3. The emphasis in both Chapters 
V and VI is to first identify those effects which were found 
to be significant and then to attempt to explain the signi- 
ficance of each of those effects identified. 

The primary statistical tool used in the analysis was 
the Analysis of Variance (ANOVA) , the proper use of which 
is dependent upon the following three assumptions: 

1. Observations are drawn from normally distributed 
populations . 

2. Observations represent random samples from the 
population . 

3. Variances of the populations are equal. 

It is assumed that the observations shown in Tables III. 2 
and III. 3 represent a random sample from the current popula- 
tion of tank commanders thus justifying assumption 2 above. 
The assumption that the observations were drawn from a 
normally distributed population is equivalent to the 
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assumption that the errors e^j are normally distributed, 

since the errors are the only source of variation in the 

general linear model hypothesized in the ANOVA. Assumption 

3 implies that the variances associated with each treatment 

combination are equal, specifically that the variance of 

2 

cell^, 1 = 1,2, ..., 128, equals c g for all l. Accordingly, 
the following hypotheses were tested relative to assumptions 
1 and 3 above : 

Assumption 1: 

BI : e. • for all treatment combinations are distributed 

0 13 N(0,o2) 

H, : H_ is false 

1 o 

Test procedure used: Kolmogorov-Smirnov 1-Sample Test 



Assumption 3 




: seme a j are not equal 



Test procedure used: Bartlett's Test for Homogeneity 

of Variance 

The results of these tests are shown in Chapter V. 

B. ANOVA TABLES 

Various ANOVA tables appear as part of the discussion in 
the remainder of this thesis. These were generated utilizing 
two computer programs specifically designed and programmed 
to analyze experimental designs of the form used in this 
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study. The listings of these programs are included as the 
final portion of this thesis. Each of the various ANOVA 
tables serves a unique purpose and a discussion of these is 
deemed appropriate. 

1 . Generalized ANOVA 

The generalized ANOVA, an example of which is shown 
in Table IV. 1, gives a broad overview of the entire analysis. 
The partition of the total degrees of freedom is reflected 
in this ANOVA. Recall from the discussion presented in 
Chapter II that in general the total number of orthogonal 
contrasts in a 2 ^ Fractional Factorial is 2 ^ -1. 

Furthermore, in a plan consisting of k blocks, precisely k-1 
contrasts are confounded with blocks. The experiment des- 
cribed in this thesis has 2^^" ^ -1 or 127 orthogonal con- 
trasts of which 7 are confounded with blocks, leaving 120 
available to estimate various treatment effects. Additionally, 



Table IV. 1 


Example of 


Generalized 


ANOVA 


SOURCE 


SS 


DF 


MS 


MEAN 


963.836 


1 




BETWEEN BLOCKS & REPS 


13.510 


63 




REPLICATIONS 


3.320 


7 




BLOCKS 


1.023 


7 




RESIDUAL ( BETWEEN ) 


9.167 


49 


0.187 


WITHIN BLOCKS & REPS 


53.020 


960 




TREATMENTS 


21.175 


120 




RESIDUAL 'WITHIN) 


31.844 


840 


0.038 


TOTAL 

* i 


1030.366 


1024 
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it should be noted that the variation due to differences 
between subjects (64 in this case) is accounted for by the 
63 degrees of freedom corresponding to the sources between 
blocks and replications entry in the generalized ANOVA. The 
remaining 840 degrees of freedom are allocated to the 
residual (within treatments) and its calculated mean square 
thus becomes the denominator of the F-ratio used in testing 
all subsequent ANOVA hypotheses. 

2 . Treatment ANOVA 

The treatment ANOVA, an example of which is shown 
in Table IV. 2, summarizes the testing of main and interaction 
effects. This ANOVA thus becomes the primary means of 
identifying those factors and interactions which had a 
significant effect on the appropriate dependent variable 
being analyzed. Several important items concerning the 
source of variation listed in column 1 of the treatment 
ANOVA are listed in columns 2 - 7 . 





Table 


IV. 2 


Example of 


Treatment 


ANOVA 






2/3 FI 






MEAN 


F 


PROB 


SOURCE 


ALIAS 


DF 


EFFECT 


SQUARE 


STATISTIC 


(X.GT.F) 


BG 


DFJ 


1 


0.005 


0.006 


0.155 


0.694 


BH 


CFL 


1 


0.004 


0 . 005 


0.130 


0.718 




DEK 













Column 2 identifies all 2-factor interaction and 
3-factor interaction aliases of the source shown in column 1. 
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All higher order interactions are assumed negligible and are 
thus suppressed in the ANOVA. Column 3 of the ANOVA reflects 
the single degree of freedom that corresponds to the single 
unique orthogonal contrast used to estimate the effect of 
the source listed in column 1. Columns 4 and 5 represent 
the calculated effect and mean square attributable to the 
source shown in column 1. In general the effect and sum 
of squares corresponding to a factor or interaction in a 
2 ( n P) Fractional Factorial is calculated for A as follows: 



Ef fect A 



a 

contrast 
r . 2 (n~P~l) 



Sum of Squares^ 



A 



r 



2 



contrast 
# 9 (n-p) 



where 



r = number of replications of the experiment. 

Thus the effect shown in column 4 represents the 
mean difference between observations where the source of 
column 1 is at its high level and observations where it is 
at its low level. The mean square shown in column 5 is 
equivalent in our particular case to the sum of squares as 
calculated above and becomes the numerator of the F-ratio 
used for significance testing. Thus the F-statistic shown 
in column 6 and calculated as follows. 



F-statistic 



(column 6) 



Source Mean Square (column 4) 
Residual Mean Square 
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will be distributed according to the F distribution with 
1 and 840 degrees of freedom. The hypothesis tested in 
this ANOVA is as follows : 

H : The effect of the source shown in column 1 is 

negligible. 

: The effect of the source shown in column 1 is 

significant. 

The decision to reject or not to reject the null hypothesis 
was based on comparing the right-hand tail probability 
associated with the calculated F-statistic, column 7 of the 
ANOVA, with the significance level selected for the analysis, 
specifically .05. 

It can be noted from observing the treatment ANOVA 
(Table V.4) that all 11 main effects and all 55 2-factor 
interactions were investigated in the analysis. The remaining 
54 degrees of freedom were used for testing the significance 
of various 3-factor interactions. It is important to note 
from column 2 that the majority of 2-factor interactions are 
aliased with 3-factor interactions and that the majority 
of remaining 3-factor interactions are themselves aliased 
with other 3-factor interactions. In this regard additional 
tests were conducted as described below and special quali- 
fications were made in all cases where such interactions 
were found to be significant. 

3 . ANOVA for Simple Main Effects 

The ANOVA for simple main effects, an example of 

c % 

which is shown in Table IV. 3, is used to further investigate 
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Table IV. 3 Example of ANOVA for Simple Main Effects 



SOURCE 


SS" 


DF 


EFFECT 


F 


P (X.GT.F) 


E 


0.091 


1 


-0.019 


2.395 


0.122 


E AT K (0 ) 


0.253 


1 


-0.044 


6.669 


0 . 010 


E AT K (1 ) 


0.006 


1 


0.007 


0.155 


0 . 694 


K 


1.001 


1 


-0.063 


26.414 


0.000 


K AT E ( 0 ) 


0.995 


1 


-0 . 088 


26.239 


0.000 


K AT E ( 1 ) 


0.175 


1 


-0.037 


4.605 


0.032 


EK 


0.168 


1 


0 .026 


4.430 


0.036 


and to explain 


the significance 


of those 


2-factor 


inter- 


actions that were found 


to be significant 


in the 


treatment 



ANOVA. The nature of this ANOVA corresponds directly to 

the general nature of interaction between two factors . 

Specifically, a measurable difference exists which is 

dependent upon the different levels of the factors involved. 

Accordingly, this ANOVA reflects a further partitioning of 

the sum of squares thus allowing for the investigation of 

the effects of each factor with respect to the specific 

levels of the other factor. 

An example utilizing the contrast scheme of the -S- 
4 

replicate of the 2 factorial, as shown in Table II. 3, is 
presented here to help clarify the point discussed above. 

If for example we desired to further investigate the 
significance of the AB interaction, it would be desirable 
to evaluate the following null hypotheses: 
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V 


A Effect = 0 


for 


both 


levels 


of B 


V 


B Effect = 0 


for 


both 


levels 


of A 



Utilizing the contrast scheme represented in Table II. 3, 

the contrast used to estimate the sum of squares attributable 

to factor A at the low level of factor B (SS, at B T ^ rT ) is 

A LOW 

calculated as follows: 



Contrast at B LOW = ac + ad - (1) - cd 

2 2 
= l A.(high)B LOW - l A.(1ow)B L 0W , 
i=l j=l 

and the sum of squares attributable to A at B L0W is thus 
calculated as : 

2 

(A ^ , at B T ^ ri ) 

cc = . „ contrast LOW 

SS. at 3_^. rI = : . 

A LOW 4 



The effect of A at which is called a simple main 

effect, represents the mean difference between observations 

where A is at its high level and B at its low level versus 

observations where A and B are both at their low levels. Thus 

the effect of A at 3 T/ ^ ri is calculated as follows: 

LOW 



Effect- at B_ ^ r7 
A LOW 



A , .at B t -„ 
contrast LOW 



to any 



The calculations described above generalize directly 
2 ( n P) Fractional Factorial thus implying the following 
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Simple Main Effect 



A at B. 

1 




i = 1,2 




2 



Sum of Squares 



A at B i 



i = 1,2 



An F-statistic can be formed by dividing the sum of squares 
thus calculated, equivalent in this case to the mean square, 
by the residual mean square. The F-statistic thus formed 
is distributed according to the F distribution with 1 and 
840 degrees of freedom and is used in testing the simple 
hypotheses stated above. 



equals SS^ + SS^ B , thus each simple main-effects sum of 
squares contains a portion of the corresponding interaction 
sum of squares. The procedure recommended for such tests 
[5] and which was used in the analysis discussed in Chapters 
V and VI is to assign the same per-family significance 
level to these tests as that which was used in testing 
main effects and interactions. Accordingly, a significance 
level of .025 was used in the analysis. 



main effects can be gained by examining the individual cell 
means corresponding to the various levels of the two factors 
comprising the interaction. These cell means are included 
as an integral part of the discussion presented in Chapter V. 



In conducting tests of hypotheses of simple main 



effects, it can be shown that SS, at B T ^ TT + SS, at B 

A LOW A 



HIGH 



Further insight into the significance of simple 
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All previous discussion regarding the definition and com- 
putation of main effects, interaction effects, and simple 
main effects, can be verified by comparing the effects 
listed in column 4 of the ANOVA with the previously defined 
linear combinations of the appropriate cell means . 

The reader is cautioned that tests for simple main 
effects are based on non-orthogonal contrasts and thus are 
not independent. A simple example is provided to clarify 
this point. Consider the 2-factor interaction AB where the 
cell means for the various levels would be represented as 
follows : 





B 






LOW 


HIGH 


LOW 


a low b low 


a low b high 


HIGH 


a high b low 


a high b high 



As previously discussed, the effect of A at the low level of 
B would be calculated as - A LQW B L0W . Similarly, 

the effect of B at the high level of A would be calculated 



as a high b high ' a high b low* zt should be obvious that a ver '/ 

large cell mean associated with the ce -'- b would 

almost certainly imply the significance of both simple 
effects A at B^ ow and B at A^ thus reflecting the lack 
of independence. 
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4 . ANOVA for Simple Simple Main and Simple 
Interaction Effects 

The ANOVA for simple simple main and simple inter- 
action effects, an example of which is shown in Table IV. 4, 
is a direct generalization of the ANOVA for simple main 
effects discussed above. This ANOVA is used to further 
investigate and to explain the significance of those 3- 
factor interactions that were found to be significant in 
the treatment ANOVA. 



Table IV. 4 Example 



ANOVA for Simple Simple 


Main 


& Simple 


Interaction 


Effects 




SOURCE 


SS 


DF 


EFFECT 


F 


P (X.GT.F) 


A 






0 .024 


1 


-0 .010 


0.0634 


0 . 4261 


A 


at 


DK (00 ) 


0 .039 


1 


0.025 


1.026 


0.3115 


A 


at 


DK (01) 


0 .057 


1 


-0.030 


1.494 


0 . 2220 


A 


at 


DK (10 ) 


0.225 


1 


-0.059 


5.945 


0.0150 


A 


at 


DK(ll) 


0 . 042 


1 


0.026 


1.113 


0.2917 



The nature of this ANOVA corresponds directly to the general 
nature of interaction among three factors, however this is 
much more complex and much more difficult to explain than 
interaction between two factors . Interaction among three 
factors can be attributed to one or both of the following: 

1. A marked effect exists for one or more of the factors 
which depends on the specific levels of the remaining two 
factors . 
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